BACKGROUND: GSK-3␤, has been shown to regulate APP cleavage resulting in the increased production of A␤ and the inhibition of the GSK-3␤ reduced the amyloid beta induced neurotoxicity in several studies. OBJECTIVE: This study was designed to investigate the GSK-3␤ inhibitory effects of 6-gingerol and 6-shogaol the major components of Zingiber officinale could be able to recover the SHSY-5Y cells from Amyloid beta 1-42 oligomer and aggregate toxicity. METHODS: SHSY-5Y (ATCC; CRL-2266) cells were maintained in Dulbecco's modified eagle medium (DMEM, Gibco) containing 10% fetal calf serum, 100 U/mL penicillin, 50 g/mL streptomycin, at 37
Introduction
Amyloid ␤ (A␤) is a small self-aggregating peptide produced at low levels by normal brain metabolism and extensive amounts in Alzheimer patients' brain which was firstly identified by Glenner and Wong [1] in 1984. Hardy and Higgins were the first to drive the amyloid cascade hypothesis to science [2] and since then many studies have tried to reveal the relationship between the amyloid beta plaque formation and pathology of the disease [3] [4] [5] . A number of reports have dealt with assessment of the effects of peptide length on fibril formation or cytotoxicity [5, 6] . ␤A1-42 is neurotrophic in its initially solubilized state but showed aggregation and neurotoxicity in cells in culture after 2-4 day preincubation of the peptide [7] . The relationship between the tangles, plaques and the disease became more precious [8] and the century of the Alzheimer disease was well reviewed by Goedert et al. in 2006 [9] . Although there is a link between the disease and the mutations which firstly shown to be the reason [10] , the pathology of the disease was further linked with oxidative stress [11] , inflammation [12] and even diabetes [13] with several studies. Further studies shown the importance of protein kinases especially in the Wnt signalling which is important for the cell survival and the neurodegeneration [14, 15] . GSK-3␤, has been shown to regulate APP cleavage resulting in the increased production of A␤ [16, 17] . Exposure of neurones to A␤ increases GSK-3␤ activity through the inhibition of PI3-kinase signalling and blockade of either GSK-3␤ expression or activity prevents A␤-induced neurodegeneration [18, 19] . The inhibition of the GSK-3␤ reduced the amyloid beta induced neurotoxicity [20] . In our previous studies we have shown the GSK-3␤ inhibitory effects of 6-gingerol, 6-shogaol and curcumin [21] the major components of Zingiber officinale and Curcuma longa. Taking into account of these studies, in this study we aimed to investigate the neuroprotective effects of 6-gingerol and 6-shogaol on amyloid beta toxicity in SHSY-5Y cell line and its relation to their GSK-3␤ inhibitory activity.
Materials and methods

Chemical and reagents
Water was obtained using a Milli-Q system (Millipore, Billerica, MA, USA). Reagents were obtained in the highest purity available from Sigma-Aldrich, Germany, unless otherwise noted below.
Following the real time effects of the compounds by Xcelligence (RTCA) system
Cultured SHSY-5Y (ATCC; CRL-2266) human neuroblastoma cells were maintained in Dulbecco's modified eagle medium (DMEM, Gibco) containing 10% fetal calf serum, 100 U/mL penicillin, 100 g/mL streptomycin, at 37
• C and 5% CO 2 in a humidified incubator. The cells were passaged at least three times before use. Cells were transferred to sterile 96-well e-plates at 5 × 10 4 cells per well and monitored for 78 hours. Ferulic acid was used as a positive control as a GSK-3␤ inhibitor at 4 M dose and 6-gingerol and 6-shogaol were applied to the cells at 0.01 M, 0.1 M, 1 M, 10 M, 100 M doses/50 L with or without ␤-Amyloid 1-42 (Catalog No. Anaspec. 20276) oligomers or aggregates.
Preparation of the β-Amyloid 1-42 oligomers and aggregates
␤-Amyloid 1-42 fraction peptide was prepared according to the datasheet of the manufacturer, briefly 1 mg peptide dissolved in PBS containing %1 NH 4 OH and used immediately after the preparation for monitoring the effects of oligomers. Amyloid beta aggregates were prepared from the oligomers by incubating the oligomers for 72 h at 37
• C as described by Benseny et al. [22] . The modifications of the method were applied by taking the details given by other in vitro studies into account [23, 24] . 22 M of A␤ solution was prepared in DMEM medium containing 0.5% (v/v) FBS and 2% penicillin/streptomycin. 50 L aliquots of the A␤ solution were added to the wells to yield a final A␤ concentration of 11 M. The cells then were incubated in the presence of oligomer or aggregate until some degree of decline in cell viability was observed.
GSK-3β activity
Kinase-Glo assays were performed in assay buffer using black 96-well plates as described previously by Baki et al. [25] In a typical assay, 10 l (10 M) of test compound (dissolved in dimethyl sulfoxide [DMSO] at 1 mM concentration and diluted in advance in assay buffer to the desired concentration) and 10 l (20 ng) of enzyme were added to each well followed by 20 l of assay buffer containing 25 M substrate and 1 M ATP. The final DMSO concentration in the reaction mixture did not exceed 1%. After a 30-min incubation at 30
• C the enzymatic reaction was stopped with 40 l of Kinase-Glo reagent. Glow-type luminescence was recorded after 10 min using a HT Synergy (BioTek) multifunctional microplate reader. The activity is proportional to the difference of the total and consumed ATP. The inhibitory activities were calculated on the basis of maximal activities measured in the absence of inhibitor and given as % inhibition compared to the positive control TDZD8 (T8325 Sigma, 4-Benzyl-2-methyl-1,2,4-thiadiazolidine-3,5-dione).
Results
The realtime effects of 6-gingerol, 6-shogaol and ferulic acid on cell proliferation without any amyloid beta toxicity
6-gingerol has increased the cell indexes of the cells without any toxicity, however this elevation was not dose-dependent and statistically significant. The cell indexes were higher than the ferulic acid at the doses of 10 M, 100 M gingerol (Fig. 1 ).
6-shogaol had cytotoxic effect over 10 M, and protective effect up to 1 M and this effect was better than the effect of ferulic acid (Fig. 2) . 
The realtime effects of 6-gingerol, 6-shogaol and ferulic acid on cell proliferation with amyloid beta aggregate toxicity
Amyloid beta 1-42 aggregate decreased the cell indexes and showed antiproliferative effect on the SHSY-5Y cells. Ferulic acid has triggered the cell proliferation after around 24 hours whereas 6-gingerol was not able to recover the cells as ferulic acid did (Fig. 3) . Ferulic acid has triggered the cell proliferation after around 24 hours whereas 6-shogaol was not able to recover the cells as ferulic acid did. Furthermore 6-shogaol itself revealed a cytotoxic effect again at 10 M, 100 M doses (Fig. 4) .
The realtime effects of 6-gingerol, 6-shogaol and ferulic acid on cell proliferation with amyloid beta oligomer toxicity
The amyloid beta oligomer has decreased the cell indexes of the cell lines revealing a direct toxicity to the cell line, 6-gingerol has recoverd the cells as a dose dependent manner, and after around 24 hours the effect of gingerol was much more better than the ferulic acid especially at the lower doses (Fig. 5) .
6-shogaol could not protect the cells from amyloid beta 1-42 oligomer toxicity, and again up to 1 M, it seems to be protective but after 10 M it starts to be toxic to cells decreasing the cell lines (Fig. 6) .
Dose-response curves and EC 50 values of the compounds 24 hours after the application
Dose-response curve of the 6-gingerol after amyloid beta aggregate toxicity
The dose-response curve of the 6-gingerol after amyloid beta aggregate toxicity has revealed an EC50 value of 11.2 M (Fig. 7) .
Amyloid beta aggregate toxicity have decreased the cell indexes compared to control group significanty, whereas even gingerol at all doses used and ferulic acid recovered this toxicity at around 24 hours (Fig. 8) . Fig. 7 . Dose response curve of 6-gingerol after amyloid beta aggretgate toxicity. 
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Dose-response curve of the 6-shogaol after amyloid beta aggregate toxicity
The dose-response curve of the 6-shogaol after amyloid beta aggregate toxicity has revealed an IC 50 value of 6 M (Fig. 9) .
Amyloid beta aggregate toxicity have decreased the cell indexes compared to control group significanty. Ferulic acid recoverd this toxicity, where as shogaol at low doses increased the cell index but this increase was not dose dependent and significant (Fig. 10) . Furthermore, at higher doses than 10 M shogaol itself had cytotoxic effect rather than being protective at that doses.
Dose-response curve of the 6-gingerol after amyloid beta oligomer toxicity
The dose-response curve of the 6-gingerol after amyloid beta oligomer toxicity has revealed an EC 50 value of 0.1 M (Fig. 11) .
The amyloid beta oligomers shown a cytotoxic effect on SHSY-5Y cells. Ferulic acid was able to recover the cells, from this toxicity, increasing the cell indexes around control levels. However, 6-gingerol was not able to recover the cells significantly and in a dose dependent manner (Fig. 12) .
Dose-response curve of the 6-shogaol after amyloid beta oligomer toxicity
The dose-response curve of the 6-shogaol after amyloid beta oligomer toxicity has revealed an IC 50 value of 34 M (Fig. 13) . The amyloid beta oligomers shown a cytotoxic effect on SHSY-5Y cells. As well as the ferulic acid, 6-shogaol at low doses was able to recover the cells, increasing the cell indexes around control levels. However, 6-shogaol again at higher doses over 1 M have caused cytotoxic effects to the cells (Fig. 14) .
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GSK-3β activity results
GSK-3␤ activity was calculated as mentioned in the methods part by using the negative and positive control data. As the positive control TDZD-8 was used.
6-gingerol inhibited the GSK-3␤ enzyme activity at a dose dipendent manner. The inhibitor effect of 6-gingerol after 1 M did not changed revealing the maximum efficacy of 6-gingerol had been reached after this dose (Fig. 15) .
The maximum inhibitory effect of 6-shogaol on GSK-3␤ enzyme was at the dose of 0.1 M, but the inhibitory effect of 6-shogaol on the enzyme decreased in a dose-dependent manner. Ferulic acid has %34 inhibition on GSK-3␤ activity (Fig. 16) . Fig. 15 . The inhibitory effect 6-gingerol on GSK-3␤ enzyme activity. Fig. 16 . The inhibitory effect 6-shogaol on GSK-3␤ enzyme activity.
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Discussion
The amyloid beta Aß(1-40) and Aß(1-42) peptides are the main components of the fibrillar plaques characteristically found in the brains affected by Alzheimer's disease. The Aß peptide is the cleavage product of a precursor membrane protein normally expressed in the organism, known as the Amyloid Precursor Protein (APP). The combined cleavage by the ß and ␥ secretases of APP results in the production of the amyloid beta fragment that has the capacity to aggregate in the form of the amyloid fibrils further forming the amyloid plaques [22] . GSK-3␤, has been shown to regulate APP cleavage resulting in the increased production of A␤ [16, 17] . Exposure of neurones to A␤ increases GSK-3␤ activity through the inhibition of PI3-kinase signalling and blockadge of either GSK-3␤ expression or activity prevents A␤-induced neurodegeneration [18, 19] . In this study, we aimed to determine if 6-gingerol and 6-shogaol had any protective effect on A␤1-42-induced cytotoxicity in SHSY-5Y cells via a real time assay and to investigate the underlying mechanisms by which 6-gingerol or 6-shogaol may exert its neuroprotective effects over GSK-3␤ inhibition.
The protective effect of 6-gingerol was shown by Lee C and et al., in A␤(25-35)-induced intracellular accumulation of reactive oxygen and/or nitrogen species in SHSY-5Y cells [26] . Zeng GF et al. [27] has revealed that 6-gingerol pretreatment markedly reduced the level of intracellular reactive oxygen species (ROS) and malondialdehyde (MDA), the production of nitric oxide (NO), and the leakage of lactate dehydrogenase (LDH) and increased superoxide dismutase (SOD) activity compared with the A␤1-42 treatment group. In addition, 6-gingerol pretreatment also significantly enhanced the protein levels of phosphorylated Akt (p-Akt) and glycogen synthase kinase-3␤ (p-GSK-3␤) in that study [27] . Overall, these results indicate that 6-gingerol exhibited protective effects on apoptosis induced by A␤1-42 in cultured PC12 cells by reducing oxidative stress and inflammatory responses, suppressing the activation of GSK-3␤ and enhancing the activation of Akt, thereby exerting neuroprotective effects. Kim DS et al. [28] have isolated four shogaols from the roots of Zingiber officinale that protect IMR32 human neuroblastoma and normal human umbilical vein endothelial cells from beta-amyloid (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) insult at EC 50 = 4.5-81 M. In their further studies, they have synthesized ten shogaols to evaluate the importance of the side-chain length in protecting cells from amyloid betaA(1-42) insult using PC12 rat pheochromocytoma and IMR-32 human neuroblastoma cells [29] . Taking into account this in vitro studies Moon M et al. [30] has shown 6-shogaol was capable to attenuate neuroinflammation and cognitive deficits in animal models of dementia in vivo. In our study, we investigated the neuroprotective effects of these two major components of Zingiber officinale in both amyloid beta (1-42) aggregate and oligomer toxicity in a real time manner for the first time in SHSY-5Y cells. 6-gingerol was able to protect the cells from both aggregate and oligomer toxicity, whereas 6-shogaol was capable to protect the cells in low studies, doses but showed cytotoxic effect at higher doses than 1 M. Overall different from all these sudies in our study the neuroprotective effects of both 6-gingerol and 6-shogaol comparing with ferulic acid has been shown in both amyloid beta (1-42) aggregate and oligomer toxicity in a real time manner by using a Real Time Cell Analyzer. This system is capable to show when the effects of the components start and at what time it reaches the highest effect. In our study, it has shown that the protective effects of both 6-gingerol and 6-shogaol might be reached at around 24th hours.
Furthermore in this study, 6-gingerol and 6-shogaol was also evaluated for their effect on GSK-3␤ activity. 6-gingerol inhibited the GSK-3␤ activity in a dose dependent manner and its maximum inhibitory effect has been reached at 1 M, where it has also shown to protect the cells paralel with this inhibitory effect from both oligomer and aggregate toxicity. The dose-response curve of the 6-gingerol after amyloid beta aggregate toxicity has revealed an EC 50 value of 11.2 M and has revealed an EC 50 value of 0.1 M after amyloid beta oligomer toxicity. These results also reveal that 6-gingerol is more potent in protecting the cells from oligomer toxicity than the aggregate toxicity. 6-gingerol was protective in all doses used however it was not the case for 6-shogaol. 6-shogaol has protected the cells up to 1 M but it had its own cytotoxicity over 10 M doses. The dose-response curve of the 6-shogaol after amyloid beta aggregate toxicity has revealed an IC 50 value of 6 M whereas the IC 50 level for oligomer toxicity was 34 M. These results might also reveal that 6-shogaol might trigger the amyloid beta aggregate toxicity but not the oligomer toxicity that much. The GSK-3␤ inhiibtory effect of 6-shogaol was also parallel with its cytotoxicity results, since at high doses its inhibitory effect on the enzyme decreased. Furthermore, oligomers were more toxic than the aggregates in SHSY-5Y cells and this effect has been also shown for the first time in a real time manner by our study.
In conclusion, 6-gingerol and 6-shogaol both were neuroprotective up to 1 M doses and up to that doses both inhibited the GSK-3␤ activity, however this inhibitory effect decreased by 6-shogaol over these doses and the cytotoxic effects started which limits the use of 6-shogaol for its protective effect. 6-gingerol seems more potent and safe in all doses used from both amyloid beta (1-42) aggregate and oligomer toxicity.
